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12 .L  Scope

The  Subs idence  Con t ro l  P lan  con ta ined  he re in  fo r  Federa l
Coa l  Lease  Sa l t  Lake  062648 ,  T rac t  I  and  T rac t  I I  con ta i n i ng
77  . 53  I  and  83 .64  ac res  respec t i ve l y  w i t h  161 .17  ac res  i n
toLa1 ,  add resses  spec i f i ca l l y  t hose  i t ems  t ha t  a re
requ i red  by  uMc  784 .20  on  pages  90 -91  and  uMc ,  g1z .L2L - .L26
on  Pages  229 -23L  o f  t he  "Regu la t i ons  Per ta in ing  to  Su r face
E f  fec ts  o f  underg round  coa t  t ' r i n i ng  Ac t i v i t i e ;  ( i nc lud ing
regu la t i ons  fo r  coa l  exp lo ra t i on )  r  F ina l  Ru les  o f  t he  U tah
Boa rd  and  D i v i s i on  o f  o i l ,  Gas  and  M in ing r "  da ted  g - zo -g2 .



Th is  p lan  i s  an  amendmen t  to  the  o r i g ina l  app l i ca t i on  f i l ed
on  December  L7 ,  1980 ,  by  Genwa l  Coa l  Company ,  I nc .  and  the
SUBSTDENCE coNTRoL PLAN FoR GENWAL coAL cot{PANY, rNc. as
prepared by David A.  sk idmore and L.G.  Manwar ing of  coAL
SYSTEMS,  INC.  on  Augus t  28 ,  L98L .  The  fo rma t  o f  t he
cu r ren t l y  app roved  COAL SYSTEMS repo r t  w i l l  be  used  w i th  the
conc lus ions  based  upon  the  resu l t s  o f  t he  recen t  d r i l l i ng  o f
the  B l i nd  Canyon  Seam wh ich  was  ob ta ined  i n  Ap r i l  1985  and
the Hiawatha seam data obta ined to  date due to  mine
deve lopmen t .  The  o r i g ina l  app l i ca t i on  was  submi t ted
pursuan t  t o  the  fo l l ow ing :  T i t l e  40 ,  Chap te r  10 ,  U tah  Code
annotated 1943 r  6rs  amended,  the "cooperat ive Agreement
between the Uni ted States Depar tment  of  In ter ior  ind the
S ta te  o f  U tah " ;  t he  Sur face  M in ing  Con t ro l  and  Rec lamat ion
Ac t  (P .L .  95 -87 ) ;  and  a l l  r egu la t i ons  p romu lga ted  unde r
those  Ac ts  a f fec t i ng  m in ing  ope ra t i on  conduc ted  i n  the  S ta te
o f  U tah .

s ince  the  o r i g ina l  submi t ta l ,  seve ra l  ope ra t i ona l  and
cons t ruc t i on  mod i f i ca t i ons  have  been  submi t ted  to  sa t i s f y
regu la to ry  comp l lance  requ i remen ts .

12 .3  Me thodo logy

The  fo l l ow ing  geo techn ica l  desc r ip t i on  i s  based  upon  room and
p i11a r  m in ing  us ing  e i t he r  conven t i ona l  o r  con t i nuous  m in ing
equ ipmen t  f o l l owed  by  p i l l a r  ex t rac t i on  i n  t he  H iawa tha  Seam.
The  m in ing  p lan  has  been  deve loped  to  max im ize  the  coa l
recovered in  an economical  manner .

Consi -derat ion was g iven to  the subsidence exper ienced at
nea rby  m ines  o f  s im i l a r  ove rbu rden  compos i t i on ,  on  s i t e
inspect ions at  the operat ing crandal  I  canyon Mine and
ca lcu la t i on  based  upon  genera l l y  accep ted  fo rmu la  us ing
l im i ted  phys i ca l  coa l  s t reng th  da ta  i n  de te rm in ing  coa l
p i 1 l a r  s i zes ,  ba r r i e r  p i l l a r  des ign  and  d i r ec t i on  o f  m in i ng .

L2 .3  Underg round  M ine  Des ign

The  m ine  w i l l  be  i ns ta l l ed  i n  an  a rea  o f  o ld  works  i n  t he
H iawa tha  Seam.  Coa l  was  p roduced  f rom th i s  ope ra t i on  du r ing
!h .  pe r i od  1940  t h rough  1955  and  was  so ld  1oca11y  f o r
domes t i c  use .

Cer ta in  sec t i ons  o f  t he  m ine  w i l l  be  reopened  so  tha t  wa te r
sump ,  ven t i l a t i on  and  coa l  hau lage  f ac i l i t i e s  can  be
rees tab l i shed .  I t em  X I I - 3  i n  t he  Append i x  i l l u s t r a tes  t he
manner  i  in  whi .ch the o ld work ings were modi f ied and repai red
in  o rde r  t o  b r i ng  them in to  compr iance  w i th  modern
regu la t i ons  and  the  ove ra l l  m in ing  p lans  o f .  Genwa l  coa l
Company.

Where necessary,  the work ings were widened to accommodate a
42 -  i nch  coa l  hau lage  conveyo r  and  p rope r  suppor t s  w i r r  be



p laced  i n  a reas  o f  ques t i onab le  roo f  con t ro l .

There is  no way to  moni tor  the ef fects  of  subsidence f rom theo ld  work ings .  r t em x r r -3  i nd i ca tes  the  p re fe r red  l oca t i on  o fthe in take,  re turn and conveyor  ent r ies.

The  m in ing  ope ra t i on  w i l l  access  on l y  the  H iawa tha  seam bydr i f t ing j -n to the seam f rom the coal -  outcrop is  the r " " " r , t r icomp le ted  d r i l l l t g  i nd i ca tes  no  a reas  o f  m in lab le  coa l  i n  t heupPer seams.  The por ta l  area for  the Hiawatha seam wi l l  f r iveth ree  en t r i es :  one  i n take  ven t i l a t i on  . " t i v  rn i ch  w i l l  a l soserve as a haulage route,  one neutra l  coai  haulage . "n""y" i
ent ry  and one return a i rway.  The por ta l  access area for  themine wi l l  have the necessary sur face suppor t  i tems such as afan ,  conveyo r  be l t  d r i ve ,  power ,  e t c .

The  fo l l ow ing  desc r ip t i on  o f  t he  genera l  m in ing  seguence  w i l lapp l y  to  the  H iawa tha  seam.  No  deve lopmen t  i s -an t i c i pa ted  i nany of  th9 upper  seams as they are to  t r r in  to  be economical lyrecove rab le .  
-The  p ro jec ted  m in ing  p lan  fo r  t he  H iawa tha  seamis  i l l u s t r a ted  on  r t em x r r - 3  and  i s ' p resen ted  be low :

1 .  po r t a l  a rea  excava ted .
2 .  Ac tua I  po r t a l s  es tab l i shed .
3 .  Pe rmanen t  f an  i ns ta l l a t i on  fo r  exhaus t  ven t i l a t i on .
4 .  Nor th  Ma ins  deve loped .
5 '  No r th - -Ma ins  comp le ted  to  i n te rsec t i on  w i th  p lanned  F i r s tWes t  Ma ins .
6 .  F i r s t  Wes t  Ma ins  deve loped .
7  .  F i r s t  Wes t  Ma ins  comp le ted .
8 .  Deve lopmen t  o f  F i r s t  sou th  pane l  o f f  F i r s t  wes t  Ma ins .9 .  P i l l a r  r ecove ry  o f  F i r s t  Sou th  pane t .
10 .  F i r s t  Sou th  pane l  sea led .
l -1 '  Deve lopmen t  o f  second  Sou th  Pane l  o f f  F i r s t  wes t  Ma ins .72 .  P i l l a r  r ecove ry  o f  Second  Sou th  pane l .
i - 3 .  Second  Sou th  pane l  sea led .
l -4 .  Deve lopmen t  o f  No r th  Ma ins  i n to  T rac t  I I
l - 5 '  P i l l a r  r ecove ry  o f  ba r r i e r  p i i i . r "  and  F i r s t  wes t  Ma ins .16 .  Deve lopmen t  o f  Second  Wes t  i l a i ns .
L7 .  P i l l a r  recove ry  o f  Second  Wes t  Ma ins .
LB .  Deve lopmen t  o f  Th i rd  Wes t  Ma ins .
19 .  P i l l a r  recove ry  o f  Th i rd  Wes t  Ma ins .
20 .  Deve lopmen t  o f  Fou r th  Wes t  Ma ins .
2 I .  P i l l a r  recove ry  o f  Fou r th  Wes t  Ma lns
22 -  P i l l a r  r ecove ry  o f  ba r r i e r  p i l l a r s  and  No r th  Ma i . ns .23 .  Po r ta l  o f  m ine  sea led

12 .3 .1  Geo techn i ca l  Tes t s  and  Ana l ys i s
I

The coal  seam to be mined on the Genwal  1eases occur  in  thelower .  pa r t  o f  t he  B lackhawk  Fo rmat ion ,  The  ,  Fo rma t ion  i scompr i sed  .9 f  app rox ima te l y  l ooo  fee t  o f  g ray  ca rbonaceoussha les ,  s i l t s t ones ,  coa l s  i nd  i n te rbedded  sands tones  o f  l a t eCre taceous -  Age .  The  S ta r  po in t  Sands ton . ,  . - r i s s i ve  c l i f ff o rm ing  700  to  900  foo t  t h i ck  sands tone  un i t ,  unde r l i es  the



Blackhawk Format ion and i ts  top serves as a usefu l  l i tho log ic
landmark  i n  t he  a rea .

The format ions in  the area d ip gent ly  (1-3 degrees)  westward
o f f  t he  wes t  f l ank  o f  t he  san -R i fae1 -  swe l1 .  

-  
The  reg iona l

s t ructure is  broken by severa l  nor th-south t rending,  h igh
ang le  no rma l  f au l t s  wh ich  o f f se t  t he  rocks  f rom less  than  1
foot  to  250 feet  or  more.

The Hiawatha seam is  the only  seam to be mined on the lease
w i th  an  ave rage  th i ckness  o f  6  fee t .  The  coa l  he igh ts
encoun te red  range  f rom 5 .5 -6 .5  fee t  excep t  i n  t he  sands ione
ro11  a rea  as  shown  on  r tem x r r -2 .  The  coa l  w i th in  the
perm i t  a rea  i s  a  h igh  vo la t i l e  b i t um inous  t ype .  The  seam
wi l l  be  en te red  i n to  a t  an  e leva t i on  o f  7895  i ee t .  E leva t i -ons
w i t h i n  t he  m ine  range  f r om 7892 .L  t o  7909 .3  f ee t .  The  o l d
works  i n  t he  H iawa tha  seam a re  access ib te  and  i t  appears  tha t
the immediate ro. . i f  is  a  competent  sandstone,  ra i r l ing f rom
lamina ted  to  mass i ve ,  i n te r rup ted  by  an  occas iona l  sha le -
s i l t s tone  l ens  va ry ing  i n  t h i ckness  f rom approx ima te l y  6
inches  to  2  fee t .  F 'a l l s  o f  roo f  i n  t he  o ld  works  a re
con f i ned  to  the  s i l t s tone  l enses  and  where  obse rved  a re
usua l l y  a t  i n t e r sec t i ons  o f  r ooms  and  en t r i es .  Fa l I s  a re
genera l l y  ove r  t he  w id th  o f  t he  open ing  ex tend ing  r i b  t o
r i b .

The  f l oo r  o f  t he  coa l  seam g rades  f rom a  c layey  sha le  l ess
than  1  foo t  t h i ck  to  l am ina ted  sands tone ,  as  ou ie rvea  i n  the
o ld  H iawa tha  works .

No geotechnica l  tests  were per formed on the Hiawatha coal
cu r ren t l y  be ing  p roduced .  However ,  Seegmi l l e r  I n te rna t i ona l
o f  Sa l t  Lake  C i t y  repo r t s  an  ave rage  un iax ia l  compress i ve
s t reng th  o f  2200  ps i  as  be ing  rep resen ta t i ve  o f  t he  H iawa tha
coa l .  The  B lackhawk  Eng inee r i ng  repo r t ,  Coa l  p i l l a r  S i z i ng ,
fo r  t he  .Genwa l  M ine ,  can  be  found  i n  the  Append ix  as  r tem
x r r -6  wh i ch  uses  a  range  o f  L200 -1900  ps i  f o ;  t he  H iawa tha
coa l  seam.

12 .3 .2  Coa l  P i l l a r  Des ign

The  p i1 la r  recove ry  p lan  cu r ren t l y  app roved  by  MSHA,  DOGM and
the  usFs  was  des igned  by  Genwa l  emp loyees  w i tn  the  a id  o f
MSHA Technica l  suppor t  in  Denver  and in format ion in  a
techn ica l  repo r t  coAL  PTLLAR s rz rNG,  cENwAL MrNE p repa red  by
Mr .  Dan  W.  Guy  o f  B lackhawk  Eng inee r ing  Co .  on  LO/L t -Aq .  Tha
app roved  p i 1 l a r  p l an  i s  p re fe r red  because  o f  t he  i nhe r , ^n t
sa fe ty  .  f ea tu re  tha t  a  so l i d  r i b  o f  coa l  w i l l  be  on  the  f t i r , , - r
ope ra tc ibs  r i gh t  a t  a l l  t imes  as  the  ac tua l  m in ing  ta res
p lace .  The  app roved  roo f  con t ro l  and  p i l l a r  recove iy  p lan
i s  i nc l uded  as  I t em X I I - 7

The purpose of  the Blackhawk Engineer ing Repor t  was to
eva lua te  t he  use  o f  60 '  x  60 '  cen te r s  on  t he  en t r i es  and
rooms dur ing panel  development  as shown on the map in  the



Appe ld i x  as  r t em x r r -3  and  i n  the  p i l l a r  recove ry  p lan  r tem
x r r -7 .  The  ma jo r  assump t i ons  used - i n  t he  ana l ys l s -we re  an
ave rage  coa l  compress i ve  s t reng th  o f  j . 400  ps i ,  a  m in ing
height  o f  5  feet r  dr r  ent ry  width of  20 feet ,  an overburden
pressure gradient  o f  1  ps i  per  foot  o f  depth and a min imum
accep tab le  sa fe ty  fac to r  o f  1 .3  i n  t he  pane l  a reas .  The
conclus ions of  th is  repor t  s tate that  the remain ing 40 foot
squa re  p i l l a r s  w i l l  have  a  sa fe t y  f ac to r  o f  1 .39  o r  g rea te r
i n  a reas  w i th  l ess  than  l -000 '  o f  cove r  wh ich  i s  accep tab le
for  shor t  term entr ies.  A copy of  th is  repor t  can be found
in  the  Append ix  as  r tem x r r :6 .  r f  a  l ess  conse rva t i ve
un iax ia l  compress i ve  s t reng th  i s  used  i n  the  obe r t  Fo rmu la ,
as  recommended-  by  seegmi l l e r  rn te rna t i ona l  ,  a f  22oo  ps i  t he
sa fe t y  f ac to r  becomes  2 .L9  a t  1000  f ee t  o f  cove r  f o r  

- 40 '  
*

40 '  coa l  p i l l a r s .  The  40  f oo t  squa re  p i l l a r s  a re  des igned  i n
areas that  the overburden never  reaches a va lue greater  than
700  fee t ,  re fe r  t o  r t em x r r -2 .  Reca lcu la t i on  o i  t he  obe r t
Fo rmura  us ing  a  un iax ia l  compress i ve  s t reng th  o f  22oo  ps i ,
700  fee t  o f  ove rbu rden  and  a  40  foo t  squa re  p i r ra r  resu l t s  i n
a  sa fe ty  fac to r  o f  3 .L2 .  The  g rea tes t  coa l  he igh t  reco rded
dur ing  the  deve lopmen t  o f  t he  F i r s t  sou th  pane l  was  6 .3  fee t
as  shown  on  r tem x r r -4 ,  i n  good  ag reemen t  w i th  the  6  foo t
coa l  he igh t  assump t i on  used  i n  a l l  ca l cu la t i ons .  A  3 .L2
fac to r  o f  sa fe t y  f o r  t he  4o  f oo t  squa re  p i l l a r s  i s
acceptable rather  than us ing the recommended v l lue of  4  in
the  sME Eng inee r ing  Handbook r  pag€  13 -104 ,  f o r  t he  fo l l ow ing
reasons :

1 .  The  reng th  o f  p i l l a r  t o  ave rage  coa l  t h i ckness  ra t i o  i s
6 -7 .  The  sME Eng inee r ing  Handbook  on  page  13 -104  s ta tes
tha t  as  th i s  ra t i o  app roaches  Lz  tha t  i ne  p i l l a r s  a re
rega rded  as  be i -ng  ab le  to  bea r  any  l oad .  The  va lue  o f
6 -7  i s  subs tan t i a l  i n  compar i son  to  the  l im i t  o f  L2
jus t i f y i ng  an  a l l owance  fo r  sa fe ty  fac to r  reduc t i on .

2 .  The  F i r s t  sou th  pane l  was  deve loped  and  p i l l a red  us ing
40  foo t  squa re  p i1  l a rs  w i thou l  an  occu r rence  o i
p rematu re  p i l l a r  f a i l u re  o r  l oss  o f  coa l  recove ry  f rom
roo f  suppor t  p rob lems .  The  sa fe ty  fac to r  w i1 l  now
increase in  the Second South Panel  as the overburden is
no t  as  g rea t  as  tha t  expe r ienced  i n  the  F i r s t  sou th
Pane l ,  r e fe r  t o  I t em  X I I - 2 .

T rac t  r r  pane r  deve lopmen t  w i l l  use  60  f oo t  squa re  p i l I a r s .
The  coa l  he igh t  i s  expec ted  to  rema in  a t  6  fee t  w i th  a
max imum o f  L450  fee t  o f  ove rbu rden  to  be  expe r ienced  i n  the
nor thwes t  co rne r ,  re fe r  t o  r t em x r r -2 .  es lum ing  a  un iax ia l
compress i ve  s t reng th  o f  22oo  ps i  and  zo  i oo t  en r ry
deve lopmen t  t he  resu l t i ng  f ac to r  o f  sa fe t y  i s  2 .54  us ing  t ha
obe r t  Fo rmu la .  The  ra t i o  o f  p i l l a r  l eng th  t o  p i l l a r  he igh t
is  now l -0 ,  very c lose to  the v l lue of  L2 recommended in  the
sME Min ing  Eng inee r ing  Handbook  as  desc r ibed  above . An
a l l owance  fo r  sa fe ty  fac to r  reduc t i on  f rom the  recommended  4
!g_  2 .?4  i s  j us t i f i ab l e  f o r  en t r y  deve ropmen t  w i t h  expec ted
l i f e  l ess  t han  one  yea r  f o r  p i l l a r s  w i t h  a  subs tan t i a l  w i c th
to  he igh t  r a t i o .



Dur ing  secondary  m in ing ,  ha l f  o f  t he  coa l  p i l l a r  i s  removed
by tak ing four  cuts  across the s ide or  ac ioss the f ront  o f
the  p i l l a r  as  shown  in  the  submi t ted  P i l l a r i ng  p lan  wh ich  i s
cu r ren t l y  app roved  by  MSHA,  A  p i l l a r i ng  p lan  fo r  t he  remova l
o f  t he  l e f t  and  r i gh t  s ide  o f  ad jacen t  p i t f a rs  has  a l so  been
approved  fo r  g rea te r  coa l  recove ry ,  A  copy  o f  t he  p i l l a r i ng
P lan  can  be  found  i n  the  Append ix  as  r tem x r r -7 .  No  bo l t i ng
w i l l  be  requ i red  a f te r  t he  pane ls  have  been  deve loped  and  a l i
add i t i ona l  roo f  suppor t  w i l l  be  p rov ided  by  t imber i  spaced  on
5  foo t  cen te rs .  Con t ro l l ed  cav ing  i s  an l i c i pa ted  once  ha l f
t he  p i l l a r  has  been  removed  and  a l l  pe rsonne l -a re  c lea r  o f
the area

The  sequence  o f  p i l l a r  ex t rac t i on  i s  shown  w i th in  the  p i l 1a r
Recove ry  P lan .  The  p i l l a r s  may  be  removed  f rom e i the r  t he
r i -gh t  o r  l e f t  hand  s ide  as  l ong  as  the  row  i s  pu l l ed  i n  i t s
en t i re t y  f rom one  d i rec t i - on .  I t  i s  an t i c i pa t l d  t ha t  t h i s
me thod  o f  p i l l a r  remova l  w i l l  y i e ld  an  ove ra l l  r ecove ry
fac to r  o f  nea r  80S .

The  ba r r i e r  p i I l a r  a round  the  pe r ime te r  o f  t he  p rope r t y  has
been  des igned  acco rd ing  to  U tah  m in ing  regu la t i 6ns  wh ich  i s
based  upon  the  fo l l ow ing  fo rmu la :

Wid th  =  )  *  coa l  t h i ckness  o f  coa l  t o  be  ex t rac ted  i n  f ee t+
5  *  ove rbu rden  th i ckness  i n  f ee t  /  100  +10  fee t

The  pe r ime te r  p i l l a r  on  the  no r th  s ide  o f  T rac t  I I  where  the
ove rbu rden  reaches  1550  fee t  and  the  coa l  i s  assumed  to
rema in  a t  6  fee t  i n  t h i ckness  w i l l  be  100  fee t  as  shown  on
r tem x r r - 3 .  The  pe r ime te r  p i I l a r  a l ong  t he  wes t  s i de  o f
T rac ts  I  &  I I  w i l l  va ry  f rom 50  fee t  i n  l ne  sou thwes t  co rne r
to  the  100  fee t  ca l cu la ted  above  fo r  t he  no r thwes t  co rne r .
The  pe r ime te r  p i l I a r  a l ong  t he  eas t  s i de  o f  T rac t s  r  &  r r
w i l l  va ry  f rom 80  fee t  i n  l i r e  no r theas t  co rne r  t o  50  fee t  i n
the  sou theas t  co rne r .

12 .3 .3  Roo f  Span  Des ign

No geotechnica l  tests  have been per formed on the immediate
roo f  o f  t he  H iawa tha  Seam to  fo rm a  bas i s  f o r  quan t i t a t i ve
ana lys i s .  r t  has  been  accep ted  p rac t i ce  i n  €ne  wasa tch
P la teau  to  use  20  foo t  en t r y  and  c rosscu t  deve lopmen t  w id ths .
Exper ience  i n  the  Cranda l l  Canyon  M ine  as  we l l  i s  i n  o the r
m ines  i n  t he  a rea  have  j us t i f i ed  the  use  o f  t he  20  foo t
deve lopmen t  w id th .  No  ove ra l l  r es t r i c t i ons  have  been  imposed
on  the  use  o f  20  foo t  deve lopmen t  en t r i es  ne i the r  by  MSHI  no r
the  U tah  M in ing  Commiss ion .

L2 .4  Subs idence  E f f ec t s  o f  M in i ng

An  examina t i on  o f  t he  su r face  a rea  as  we l l  as  o f  s ta te ,
fede ra l  and  coun ty  reco rds  i nd i ca te  the re  a re  no  man-made
s t ruc tu res ,  u t i l i t y  r i gh ts -o f -ways  and  pub l i c  o r  p r i va te
resou rces  necess i ta t i ng  p ro tec t i on  f rom subs idence .  The



occurrence of  subsidence wi l l  not  produce mater ia l  damage or
d im inu t i on  o f  va lue  o r  f o reseeab le  use  o f  l ands .

L2 .4 .L  Subs idence  Mechan isms

The term "subsidence"  appl ies to  the deformat ion or  movement
in  the overburden two or  more mine entry  heights  above the
immediate mlne roof .  The overburden th- ickne6s ranges f rom
zero  a t  t he  ou tc rop  to  app rox ima te l y  1550  fee t  a t  t he
nor thwest  corner  of  Tract  I I .  The st rength of  the overburden
1s  t yp i ca l  o f  t he  l a te  Cre taceous  sed ime i t s  t ha t  a re  m ined  i n
Eas te rn  U tah  and  Wes te rn  Co lo rado .

I t  i s  accep ted  p rac t i ce  i n  t h i s  a rea  to  use  two  sou rces  o f
i n fo rma t ion  fo r  subs idence  eva lua t i on .
l .g : ry  -  Enginegr ing geologic  Factors

The  sou rces  a re :  1 )
Con t ro l  l i nq  Coa l  M ine

sdbddeiE--EE-tah an- caffifrA"; - - -
G e o l o g r c a l  S u r v e y

ProEssional Epeil6-9 ,--Fy c-ff iard Dunrud, rg7 6, and ziI ' s l ' lE .  M in i l g  Eng inee r ing  Handbook" ,  vo rume L ,  by  A r thu r  B .
cummlns  and  I van  A .  G iven  ,  1 ,913 .

The conclus ions based upon the above source mater ia l  are
tempered by on s i te  evaluat ion and actual  exper ience based on
s im i l a r  m in ing  cond i t i ons  i n  l a te  Cre taceous  ove rbu rdens  w i th
s im i l a r  t h i cknesses  and  s t reng ths .

The sur face area topography wi th in  the lease is  shown on I tem
xr r -1 .  r l q  t opograph ig  map  shows  the  re la t i ve l y  s teep
s lop ing  s ides  o f  C randa l l  Canyon  wh ich  con ta ins  the  e randa l i
canyon  c reek .  The re  i s  l i t t l e  o r  no  ta lus  s lope  and  rock
outcrops are abundant .

12 .4 .2  P ro jec ted  Subs idence  E f f ec t s

There  a re  no  man  made  s t ruc tu res  w i th in  the  pe rm i t  bc * i i da ry
tha t  w i l  1  requ i re  subs idence  con t ro l  p tann ing .  Tha
qccompany ing  pho to ,  r t em x I I -13  i n  t he  Appe-na ix ,  i nd  I t ems
XI I -1  and  X I I -4  o f  t he  a rea  a l so  con f i rm  tha  above  s ta temen t .

The  su r face  i n  t he  a rea  i s  con t ro l l ed  and  admin i s te red  by  the
US Fores t  Se rv i ce  w i th  a  sma l l  sou the rn  pa rce l  o f  l and  owned
by  Beaver  c reek  coa l  co .  wh ich  has  been  leased  by  Genwa l  as
shown  on  r tem x r r - l - .  The  l and  i s  used  fo r  dome i t i c  g raz ing
in  the  a reas  o f  gen t l e  s lope  and  w i l d l i f e  hab i ta t  ove r  t he
to ta l  ac reage . The  vege ta t i ve  resou rces  w i l l  no t  be
nega t i ve l y  impac ted  by  subs idence  so  tha t  t he  cu r ren t  l and
use is  expected to  cont inue.

The  ma in  ob jec t i ves  a re  to  de l i nea te  the  a reas  w i th in  the
lease  and  ad jacen t  l ands  tha t  may  be  a f fec ted  by  subs idence
and to determi-ne the extent  o f  the d is turbance as shown in
the  Append i x  as  I t em X I I - 5 .



Sign i f i can t  gu id ing  des ign

1 .  A  50  f oo t  ba r r i e r  p i l l a r
d i rec t l y  ad jo in ing  the
approx imate 100 foot
boundary.  The eastern
p i I  l a r s  w i l  I
desc r ibed .

c r i t e r i a  a re  as  f o l l ows :

w i l l  be  ma in ta ined  on  the  l ease
southern boundary and an

bar r i e r  a long  the  no r the rn
and  wes te rn  pe r ime te r  ba r r i e r

50  to  100  fee t  as  p rev ious l y

amount  of
t h i ckness ,

P ro jec ted
one foot

vary f rom

2.  Research  i nd i ca tes  tha t  a  30  deg ree  pos i t i ve  l im i t  "d raw
ang le "  shou ld  be  used  to  p ro jec t  max imum ex ten t  o f
subsidence in  the Eastern utah/western co lorado coal
m in ing  reg ion  as  shown  on  I t ems  X I I -5  &  X I I -8 .  The
ang le  o f  d raw equa l  t o  30  deg rees  w i l l  ove res t ima te  the
p ro jec ted  ou te r  l im i t  o f  subs idence  as  con f i rmed  by
Dunrud rs  work  i n  t he  Book  C l i f f s  d i s t r i c t  o f  U tah  and
the  Somerse t  d i s t r i c t  o f  Co lo rado .  Dunrud  de te rm ined
the  d raw ang le  to  va ry  f rom 15  2L  deg rees .

3 .  The  a rea  mos t  l i ke l y  t o  expe r ience  the  max imum
subsj -dence is  in  the area of  greatest  coal
wh ich  i s  7  fee t  on  the  ex i s t i ng  l eases .
subs idence  i s  shown  on  I t em X I I -5  i n
i -nc remen ts .

c randa l l  c reek  comes  no  c lose r  t han  110  fee t  ho r i zon ta l l y  and
50  fee t  ve r t i ca r l y  t o  the  l ease  boundary  as  shown  on  r tems
x r r -  1  and  x r r -8  wh ich  occu rs  i n  t he  sou thwes t  co rne r .
ca l cu la t i ons  and  t he  resu l t s  shown  on  r t ems  x r r - 5  and  x r r - g
ind i ca te  tha t  t he  subs idence  w i l l  occu r  no  c lose r  t han  190
fee t  f rom the  cen te r l i ne  o f  c randa l l  c reek  us ing  a  30  deg ree
ang le  o f  d raw and  a  m in imum 50  foo t  ba r r i e r  p i l l a r  a long  the
southern boundary.  An angle of  draw equal  to  70 degrees or
greater  is  requi red before the area wi th in  40 feet  o f
c randa l l  c reek  becomes  sub jec t  t o  any  poss ib le  subs idence .
This  magni tude of  draw angle in  sandstone format ions wi th
m ino r  sha le  pa r t i ngs  i s  un rea l i s t i c .  The  ba r r i e r  p i l l a r
shown  on  r tem x r r -4  has  a  50  foo t  m in i .mum w id th .  The  ac tua l
w id th  shown  was  taken  f rom r tem x r r - l  a long  the  c ross  sec t i on
l i ne  shown  as  i t  i s  i n  t h i s  a rea  tha t  t he  m in imum d is tance
be tween  the  caved  a rea  and  c randa l l  c reek  occu rs .  The  ang le
o f  d raw co inc ides  w i th  the  s ing le  p i1 la r  b leeder  l i ne
requ i red  to  be  l e f t  i n  p lace  by  the  roo f  con t ro l  and  p i l l a r
recove ry  p1an ,  re fe r  t o  I t em X I I -7 ,  and  no t  t he  ba r r i e r
p i 1 l a r .  The  poss ib l e  ae r i a l  ex ten t  o f  subs idence  i s  shown
on  l t e rn  X I I -5  as  de te rm ined  be low :

Southwest  Corner
f -angenT-0-FZ0T- feet  o f  overburden = 115.5 feet  (use 115)
A  rad ius  o f  115  fee t  was  d rawn  on  I t em X I I -5  to  the  wes t
f rom i t he  b leeder  p i l l a r  and  90  fee t  t o  t he  sou th  and
sou thwes t  as  desc r ibed  above  and  shown  on  r tem x r r -8  due  to
the  su r face  topography .  No  add i t i ona l  ba r r i e r  p i l l a r s  w i l l
be  requ i red  to  p ro tec t  C randa l l  C reek .

Nor thwest  Corner  of  Tract
ranffioT6--o'Geilf ove rbu rden  =  508 .1  f ee t  ( use  510 )

I



A radius of  510 feet  f rom g0 feet  wi th in  the nor thwest
corner  was drawn westward to  inscr ibe an arc which def ines
the  l im i t  f o r  poss ib le  subs idence .

Nor thwest  Corner  of  Tract  I I
FilgenE-30-x rno-TeffiF 6Terburden
A rad ius  o f  875  fee t  f rom l_00  fee t
corner  was drawn to def ine the
subs idence .

Nor theast  Corner  of  Tract  I I
T-ang e nE-30-TTlTo-TeElT 6Te r bu r d e n
A  rad ius  o f  640  fee t  f rom 100  fee t
corner  was drawn to def ine the
subs idence .

=  871 - .8  f ee t  ( use  875 )
wi th in  the nor thwest
l im i t  f o r  poss ib l e

=  640 .9  f ee t
wi th in  the
l im i t  f o r

(use  640  )
northwest

poss ib le

Northeast  Corner  of  Tract  I
ranffirta 0l-6'0' rEefrGr6urden
A rad ius  o f  325  fee t  f rom 50
corner  was used to inscr ibe an arc which def ines the l imi t
f o r  poss ib le  subs idence .  rn  th i s  a rea  Genwa l  had  m is taken ly
m ined  ou ts ide  the  l ease  boundary  wh ich  has  been  se t t l ed  w i th
the Federa l  Government .

Southeast  Corner
TEe -oel-6ITErops within the tease boundary in the
sou theas te rn  reg ion  as  shown  on  r tem x r r -2 .  r t  i s
ques t i onab le  i f  any  o f  t he  coa l  nea r  t he  ou tc rop  w i l l  be
removed due to the weathered character is t ic l  o f  the
overburden and coal .  The subsidence l imi t  in  the outcrop
a rea  w i l l  be  assumed  to  occu r  a t  t he  ou tc rop .  A  l i ne  was
then drawn f rom the coal  outcrop a long the southern boundary
of  Tract  I  to  the l imi t  determined above for  the southwest
corner  as the ground contour  l ines increase at  a  gradual  and
near  cons tan t  ra te  a long  the  l ease  boundary  and  a  s im i l a r
ba r r i e r  p i l l a r  w i l l  be  requ i red  a l ong  t h i s  bounda ry  as  has
requ i red  i n  t he  sou thwes t  co rne r .

A  repo r t  p repa red  by  Ear th fax  Eng inee r ing ,  rnc .  da ted  June
L2 ,  1985  i s  i nc l uded  w i t h i n  t h i s  pe rm i t  as  r t em x r r - ?  wh i ch
per ta ins to  the spr ing and seep inventory completed for  the
c randa l l  canyon  M ine .  Ea r th fax  repo r t s  f i nd ing  a  to ta l  o f  B0
sp r ings  and  seeps ,  29  o f  wh ich  we le  used  by  d5e r  and /o r  e l k
w i th  no  deve lopmen t  f o r  human  consumpt ion  o l cu r r i ng  on  any  o f
the  wa te r  sou rces  d i scove red .  11  seeps  and  sp i i ng "  were
found  to  occu r  w i th in  the  a rea  o f  poss ib le  subs id lnce .  9  o f
the  to ta l  i ssue  f rom the  B lackhawk  Fo rmat ion  w i th  2  seeps
i ssu ing ,  ! f o *  bedd ing  p l anes  i n  t he  cas t l ega te  sands tone .
on l y  sP-38  and  42  have  ev idence  o f  use  by  ae6 r  and  e l k  w i th
f l ow  less  than  1  gpm.  sp -30  p roduces  1  gpm w i th  no  dee r  o r
e l k  use .  subs idence  f rom m in ing  i n  T rac ts  r  &  r r  w i r l  have
min imar  .  impac ts  on  wa te r  supp l i es  f rom seeps  and  sp r ings  i n
th9  v i c in i t y  o f  t he  m ine .  b i sp lacemen t  o f -w i l d l i f a  due  to
subs idence  w i l l  be  m in ima l  and  the  seeps  and  sp r ings
cu r ren t l y  a re  an  i ns ign i f i can t  resou rce  to  the  

-  
l oca l

= 323 .3  fee t  (use  3251
fee t  w i th in  the  nor theas t



hr i l d l i f e .  sP -30  i s  l oca ted  app rox ima te l y  160  fee t  above  the
Hiawatha coar  seam or  near ly  25 t imes Lne seam th ickness
above  the  m ine  deve lopmen t  e leva t i on  a long  a  sands tone /sha lej -n te r face .  r f  subs idence  i s  a  resu l t  o f  repea ted  roo f
fa i l u re  i n  t he  ove rbu rden  then  e las t i c  de f l ec t i on  i s  be l i eved
to  occu r  i n  t he  beds  when  a  d i s tance  o f  9  seam th i cknesses
has  been  t rave rsed .  sp -30  shou ld  show no  e f fec ts  due  to
subsidence as any water  seepage through the shale layer  due
to  tens ion  c rack ing  shou ld  become sea led  due  to  c lay
mig ra t i on .  However ,  sp -30  w i l l  be  mon i to red  as  desc r i_beh
w i th in  th i s  pe rm i t .

The  magn i tude  o f  ve r t i ca l  subs idence  i s  a  func t i on  o f  coa l
he igh t ,  ove rbu rden  dep th ,  s t ra t i g r ; . phy ,  m in ing  techn ique  and
d ls tance  f rom ba r r i e r  p i l l a r s .  Ac lo ia ing  to  Dunrud ' s  work
comp le ted  i n  1980  based  upon  a  s tudy  o f  subs idence  i n  an
underground coal  mine at  Somerset ,  Colorado publ ished by the
USGS j . n  1980 ,  t he  max imum amoun t  o f  subs idence  expec ted  i s
equa l  t o  70 t  o f  t he  coa l  seam ex t rac ted ,  re fe r  t o  r i em x r r -g .
The  max imum subs idence  expe r ienced  fo r  wes te rn  coa l  m ines
acco rd ing  to  Peng  ranges  f rom 33  to  65 t  o f  t he  coa l  he igh t
ex t rac ted .  Gen t ry  and  Abe I  have  c i t ed  examp les  w i th  max imum
subs idence  rang ing  to  70 t  o f  t he  seam he igh t  f o r  wes te rn  us
l ongwa l l  ope ra t i ons .  A  70  t  va l ue  w i l l  be  used  w i t h i n  t h i s
repor t .  The maximum value may be reduced by the amount  of
coa l  no t  recove red  i n  the  m in ing  a reas ,  i . e .  208  o f  t he  coa l
is  expected to  be unrecoverable in  the p i l lared areas at  the
c randa l l  canyon  M ine .  Fo r  t he  a reas  nea r  an  unmined  so l i dp i r lar  the maximum amount  of  subsidence is  reduced accord ing
to  the  g raph  shown  on  r tem x r r -10  based  upon  re fe renced  work
in  the  un i ted  K ingdom by  Gen t ry  and  Abe l .  The  poss ib le  to ta l
subs idence  i s  shown  on  r tem x r r - s  a long  w i th  i he  l im i t  o f
subs idence -  The  l a rges t  magn i tude  o f  suUs idence  an t i c i pa ted
i s  3 .9  f ee t  a t  a  po in t  40  f ee t  eas t  o f  t he  sec t i on  l i ne
between sect ions 5 and 6 and 1522 feet  south of  the sect i -on
l i ne  be tween  sec t i ons  32  and  5  as  shown  on  r t em x r r - s .  The
va lues  were  ca l cu la ted  by  reduc ing  the  coa l  he igh ts  shown  on
I tem X I I -4  by  20 t  wh ich  rep resen ts  the  un recov5 rab le  coa l  i n
the  p i l l a red  a reas  (a  6  foo t  coa l  he igh t  was  assumed  in  T rac t
I I  due  t o  l ack  o f  da ta ) ,  t hen  mu l t i p l y i ng  by  7O t  t o  ob ta i n
the  max imum Poss ib le  subs idence  va tub  i s  ou t l i nea  f rom r tem
xr r -9  wh ich  assumes  a  worse  case  scenar io .  The  subs idence
va lues  were  reduced  acco rd ing  to  r t em x r r -10  fo r  a reas  tha t
bo rde r  a  ba r r i e r  p i l l a r  a long  the  pe r ime te r  o f  t he  l ease  as
shown  on  r tem x r r -3 .  A  subs idence  i n te rva l  o f  1  foo t  was
used  to  cons t ruc t  t h i s  map .

Hor i zon ta l  movemen t  wh ich  wou ld  c rea te  s lope  fa i l u re  i s  no t
expec te t l  t o  occu r  due  to  subs idence  a long  the  esca rpmen t
because  on l y  l im i ted  coa r  ou tc rop  occu rs  w i t r r i n  t he  l ease .
w i t h i n  t ha t  a rea  o f  o rd  wo rks  no  p i l l a r  . ex t r ac t i on  i s
an t i c i pa ted .

Hor i zon ta l  movemen t  c rea t i ng  tens ion  o r  compress ion  c racks
can not  be pro jected due to  the overburden th ickness and lack



of  jo in t ing densi ty  and at t i tude data a long the sur face rock
exposu res .

L2 .4 .3  Subs idence  Con t ro l  and  M i t i ga t i on  Me thods

As  p rev ious l y  p resen ted  w i th in  th i s  repo r t r  Do  ma te r ia l
damage  o r  d im inu t i on  o f  va lue  o r  f o reseeab le  use  o f  l ands  i s
expec ted  to  occu r .  I t  has  been  p resen ted  tha t  d i sp lacemen t
o f  w1 ld l i f e  due  to  subs idence  w i l l  be  m in ima l  as  tha  sp r ings
w i th in  the  po ten t i a l  subs idence  l im i t  a re  an  i ns ign i i i can t
resou rce .

There  a re  no  p rans  to  back f i l l  any  a rea  o f  t he  m ine  w i th
was te  ma te r ia l  i n  o rde r  t o  reduce  suLs idence .

L2 .4 .4  Subs idence  Mon i t o r i ng  p l an

The  us  Fo res t  se rv i ce  has  p repa red  an  ae r ia l  mon i to r i -ng
sys tem fo r  t he  Cranda l l  Canyon  M ine  wh ich  has  been  accep ted
fo r  imp lemen ta t i on .  Ve r t i ca l  and  ho r i zon ta l  con t ro l  w i l l  be
es tab l i shed  on  the  8  g round  con t ro l  s ta t i ons  be fo re  Sep tember
L985 ,  r e fe r  t o  r t em x r r - 12  f o r  r oca t i on .  Th i s  me thod  o f
subsidence moni tor ing has been accepted by other  mines in  the
area and has met  wi th  DOGM approval .  The program is  inc luded
as  I t em X I I - 12 .

The 8 survey contro l  s ta t ions are outs ide the potent ia l  area
o f  subs idence  and  can  then  be  es tab l i shed  acco rd ing  to
s tandard  su rvey ing  p rac t i ce  w i thou t  t he  need  o f  es tab t i i n i ng
subs idence  monumen ts .

The  fo l l ow ing  i n fo rma t ion  w i l l  be  fo rwarded  to
au tho r i t y  when  ava i l ab le :

the proper

1.

2 .

3 .
4 .
5 .

A comp le te  l i s t  o f  g round  con t ro l  s ta t i ons  w i th  beg inn ing
ho r i zon ta l  and  ve r t i ca l  coo rd ina tes .
A current  map of  the underground work ings wi th  areas
de l i nea ted  as  t o  whe re  t he  second  m in ing  w l t t  beg in .
The date when second min ing wi l r  commenie and te iminate.
The date of  movement  occur i . r , . " .
The  to ta l  subs idence  obse rved  p resen ted  i n  map  fo rm as
ou t l i ned  w i t h i n  t he  mon i t o r i ng  p1an .

12 .5  S tab i l i t y  Ana lys i s  o f  Ea r then  S t ruc tu res

No  su r face  s t ruc tu res  a re  requ i red  fo r  T rac t  I I .  A l l  ea r then
su r face  s t ruc tu re  s tab i l i t y  i sadd ressed  i n  the  o r i g ina l  T rac t
I  pe rm i t  p roposa l .

iI

L2 .5 .L  Type  o f  S t ruc tu re
L2 .5 .1 .1  Haza rd  Cons ide ra t i ons

Impounding
Non- impounding
Loca t i on

L2 .5 .2  Cons t ruc t i on  Ma te r i a l  Cha rac te r i s t i c s



L2 .5 .3  Founda t i on  Ma te r i a l  Cha rac te r i s t i c s
L2 .5 .4  Hyd ro log i c  Cha rac te r i s t i c s
L2 .5 .5  Des ign  and  Cons t ruc t i on  p l ans
t2 .5 .6  S tab i l i t y  Ana l ys i s

t 2 .6  B ib t i og raphy

Coa l  Sys tems  Inc . ,  Subs idence  Con t ro l  p lan  fo r  Genwa l  Coa l
Company r Inc . ,  Sa l t  Lake  C i t y ,  U tah ,  1991 .

Cummins  and  G iven ,  SME Min ing  Eng inee r ing  Handbook r  Soc ie t y
o f  M in ing  Eng inee rs  o f  A I I {8 ,  New io rk ,  L973 .

Dun rud ,  C -R- ,  Some  Eng inee r i ng  Geo log i c  Fac to r s  Con t ro l l i ng
Coa I  M ine  Subs idence  i n  U tah  and  Co lo r iAo ,  USGS p ro fess iona i
Pape r  969 ,  Wash ing ton ,  D .C .  ,  L977 .

Ear th fax  Eng ineer i rg ,  rnc . ,  seep and spr ing  rnventory  o f  the
cranda l l  canyon Mine permi t  ano ea jacen l  Areas ,  Mur ray ,  u tah ,
1985 .

Gent ry ,  D .w . ,  su r face  and  underg round  Rock  Response ,  Longwa I l
Pane l ,  NCA/BCR Coa l  Con fe rence  and  Expo  I I I ,  j . 976 .

Peng ,  syd  s . ,  coa l  M ine  Ground  con t ro l ,  John  w i rey  &  sons ,
I nc . ,  New  Yo rk ,  7978 .

seegmi l l e r  rn te rna t i ona l ,  Geo techn ica l  Logg ing  and  Tes t j _ng  o f
t he  R i l da  Canyon  P ro jec t ,  L982 .
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